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OJompiiiaon 4 dratr Stadtnj dormii of Iriilj^ SIpsa, 

Viis. those hnoion as the BoUman, Fink, Murphy, and the Triangular ; 
the last called in England the " Warren Girder," {but exhibited here 
in an improved form) by C. Shalek Smith, Civil Engineer. 

The writer of what follows under the above heading has been en- 
gaged almost exclusively for some years in the department of his pro- 
fession to which it refers, and now submits to his fellow Engineers 
and the public the results of his inquiries into the principles of bridge 
trusses and their practical applications, as illustrated by the above 
forms . 

He is aware that the four patterns above enumerated, do not by any 
means embrace all the modifications of which the several elements of 
a bridge truss are susceptible. They represent, however, the distin- 
guishing features of the several models which are now most promi- 
nently competing for the favor of Engineers and Bridge builders. 

Tho Howe truss, heretofore the favorite form and still so for mod- 
erate spans and with wood as a material, is rarely used when the 
opening exceeds 150 feet without the accompaniment of an arch to 
which it is in fact but an auxiliary; the lattice, long since abandoned 
as a wooden structure, and but little employed in iron in America 
although largely so in Europe ; the bow string truss, of which it is 
believed there is as yet no example with us although claimed in Europe 
to be, for the weiglit it will carry, the lightest of all ; the tubular or 
boiler plate girder, used upon a grand scale in England and Canada, 
but too costly for the United States, except for short spans and usually 
in the I form ; the suspension bridge proper, with its back anchorage 
and its heavily trussed floor of which bhere is but the one actual erec- 
tion, that at Niagara ; all of those have either had their day in this 
country or liave not yet been introduced upon our public works, in a 
form and manner to recommend them to our preference. The writer 
has therefore, without disparagement to other forms, confined himself 
to a comparison ofthe above four trusses which are at this time contend- 
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ingmoat spiritedly for the prize of professional and popular patronage. 
In his analysis of the elemeats of each truss, he has pursued the most 
simple and practical methods, resorting to mathematical formulfe 
only 80 far as was absolutely necessary to exhibit the relatione between 
the several parts of the various combinations, the strains to which they 
are subjected, and the resistances they are capable of offering. To 
Engineers well versed in the higher mathematics and accustomed to 
employ thera in the solution of all such questions, his mode may ap- 
pear too little scientific ; but as he is writing more for the less the- 
oretically accomplished members of the profession, and for those prac- 
tical bridge builders to whom so many of this class of constructions are 
committed, he prefers to proceed as he has done in this case. The 
books and journals abound in theories of trusses expressed in algebraic 
symbols unintelligible to nine-tenths of their readers, and however 
ingeniouSj and even sound, the theories reached through their complex 
ecLuations may be, they are so entirely disregarded by the designers 
and builders of the structures to which they refer, that they are in ef- 
fect only an agreeable exercise of the faculties of the learned men who 
propound them. It is not intended to depreciate high science or the 
labors of those eminent men who have discovered and developed the 
elementary principles upon which all correct theory and sound prac- 
tice are founded, but only to justify the use of simpler processes in 
demonstrating them to the partially instructed class who apply tliem 
in actual construction. In truth, the conditions of the several 
questions which present themselves in planning a truss, are so many, 
and so founded upon what the Engineer who experimentally tests the 
bridge can alone obtain a full knowledge of by noticing the effect 
of passing trains at various speeds, that it is not to be wondered at, 
that the siiillful algebraist, in framing his equations in liis study from 
only a general idea of the movements which take place, should orait 
some quantity which ought properly to enter into them. 

The writer is aware, that upon this subject many works, some of 
them of great merit have been published of a practical as well as 
scientiiic character, and he by no means expects to render a reference 
to them unnecessary by the present brief exposition, the object of 
which, as already stated, is to submit a comparison, based upon 
established facts, of the forms .of truss between which, in view of 
all the circumstances effecting the question in this country, a choice is 
moat likely to be made. 

He may expect his conclusions in favor of tlie models he prefers to 
be disputed, and so far from deprecating criticism he invites it, on the 
simple condition that it be temperate and fair, and free from the per- 



yGoOgI' 



aonalities and side issues which so often take the place of sound ar- 
gument upon the true points in controversy. 

He has no property in any of the patents involved in the different 
systems, and no other interest in the adoption of one rather than 
another, except in so far aa his demonstration of its superior economy 
may cause a structure to be erected, which on a more expensive plan 
would not be built at all. If his effort should, upon this ground, re- 
sult in increasing the replacement of temporary and unsafe by perma- 
nent and reliable constructions of moderate cost, his field of labor in 
this branch of his profession will be enlarged, not of course exclusively 
but in fair competition with others whose interests as well as his own, 
he will thus have been instrumental in promoting. With these pref- 
atory remarks he will proceed witii the comparisons following. 



GENERAL PRINCIPLES AND DATA. 

In order to prepare the several designs for comparison with each 
other, it will be necessary to assume first, a certain span, depth, width 
and weight of truss, and of ijuiescent load uniformly disposed over its 
length ; secondly, to assign the position of the track aud load, whether 
at the top or bottom of the truss, thirdly, to compute upon the estab- 
lished rules for composition and resolution of mechanical forces, the 
several tensile and compressive strains upon each part of the framing, 
under the uniformly distributed load in a state of rest ; fourthly, to 
exhibit the strain to which each part is subjected by the moving load 
of the locomotive and its train, and the disturbing effect of such strains 
upon the arrangement of those parts ; fifthly, to show the effect of 
changes of temperature upon that arrangement of parts ; sixthly, to 
consider the means of adjusting the several parts which the principle 
of framing affords, and by which the truss can be restored to its prope): 
condition after disarrangement from any cause. 

The first and second of the preceding conditions being . settled as 
necessary preliminaries to our inquiry, and, under the third and 
fourth heads, tlie several strains upon each part having been calcu- 
lated simply as iiwes of tension or compression, the next step is to 
determine the sectional dimensions to be given them, and the material 
best adapted to the duty to be performed, as well as the proportion of 
strain to ultimate strength, or the limits oi safety within which the 
actual stress upon the several parts of the respective systems of framing 
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should he confined. These calculations having heen made, the quan- 
tities of material of each kind in each form of truss will be determined, 
and may he compared with each other and their economical relations 
decided, in this particular, leaving them to be compared finally 
under the fifth and sixth heads of effects of temperature and adjusta- 
bility of parts. 

Under the first and second heads wo will then assume, that the 
span of the truss is 200 feet, the depth 21 feet, and the width of floor 
from centre to centre of the trusses 18 feet. These dimensions are 
taken as a fair average between ordinary spans and those bolder reaches 
of greater length up to 300 feet, and even beyond, which are coming 
more into favor of late years. They are also the proportions of the 
iron bridge over Barren river, on the Louisville and Nashville Kail- 
road, with the details of which the writer is tamiliar, he having heen 
engaged on that road at the time of its erection. 

As computing the strains upon a truss, the weight of the truss itself 
must be assumed in advance of its actual determination, the bridge 
just mentioned has heen adopted as a standard of weight for the pres- 
ent purpose. This bridge is Fink's suspension truss, of the. dimen- 
sions above given. The track is at the bottom of the truss, and the 
bridge contains 122,000 lbs, cast iron, 98,000 lbs. wrought iron, 
50,000 lbs. lumber, making a total of 270,000 lbs, , which, for conve- 
nience of division, will he called 272,000 lbs. The load uniformly 
distributed will be taken, as usual for railway bridges, at one ton 
(of 2240 lbs.) per linear foot, or 448,000 lbs., so that the total weight 
of bridge and load would be 720,000 lbs., of which the weight for 
each truss will be 360,000' lbs. 

The number of panels of 12| feet in length is 16, each therefore 
weighing unloaded 8,500 lbs., and with 14,000 Iba. of load added, 
22,500 lbs. The position here assumed of the track at bottom of 
truss making an overgrade or through bridge, is disadvantageous to 
the Fink truss, as will be explained hereafter, when the efi'ect of a 
change to the top of truss, making an undergrade bridge upon the 
several models will be treated of. The rolling weight brought upon 
the truss by the train, will consist of the heaviest engine used for 
slow freight transportation, and weighing 84,000 lbs., followed by 
a tender weighing some 42,000 lbs., and of cars such as are used in 
carrying coal, weighing so nearly the assumed ton per linear foot, 
that their falling short of that weight would about be made up by the 
engine. 

This would not, however, be the weight of every train, the ordinary 
freight, and the passenger trains falling considerably within it. The 
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engine referred to, rests 84,000 lbs. on eight drivers, all connected 
and with their four centres, all inside of 12^ feet or the length of one 
panel. The panel supports, then carry the weight of tho engine plus 
the weight of one panel of truss, and must he graduated to resist this 
strain. 

In the Fink and BoUman trusses, the weight of engine home hy 
each panel system is 42,000 Ihe. minus the proportion of the load home 
by the adjacent system on each side through the distributing influence 
of the railjoista. In the present ease, taking into consideration the 
position of the drivers, and leverage of centre of gravity of each half 
of the load — one-eighth of the weight is carried in each direction, so 
that the load borne by the panel supports opposite the middle of the 
engine is 31,500 lbs. — To this add 8,500 lbs. weight of one panel of 
truss, and we have 40,000 lbs. as the extreme load for one set of panel 
supports. In the Murphy and Triangular trusses however, if the 
counter-tie in the panel next the rear of the engine is loose, then the 
one-eighth of the weight distributed to the rear is transferred hack 
again to the acting system through the main panel tie, and accordingly 
in this case tho weight of engine which can come on the supports of 
one panel is 42,000 minus one-eighth or 36,750 lbs. To recapitulate, 
in the Fink and BoUman trusses an engine can bring 
upon one panel, 31,500 lbs. 

In the JIurphy and Triangular, 36,760 " 

excepting in the case of the middle panel, where, as both panel ties 
must obviously be in adjustment, the weight will be the same as in 
the other trusses or 31,500 lbs. 

The flooring systems will be considered as the same in all four 
trusses, and for this purpose of equalization the bill of material for 
the rail track of Barren River Bridge will be taken as common to all. 
This consists of 17,000 ft. B. M. of lumber, 30 floor truss rods, IJ inch 
section and 4 ft. long, and 30 girder plates weighing 60 lbs. each, and 
is believed to he fully aa economical as any flooring on any of the ex- 
isting examples of the trusses in question. 

The sectional areas of the cast and wrought iron parts as hereafter 
determined, will be calculated in the computation of the weights, with 
the net lengths between the points of junction of the lines of com- 
pression and extension. To the results thus obtained, there will be 
added 15 per cent, for the wrought iron and 20 per cent, for the cast ; 
the first being the necessary allowance for bolts, nuts, eyesandpins, and 
the latter for the joint thickenings and mouldings of the castings. 
These proportions are based upon the experience of the writer, who 
uses them habitually in his professional practice. 
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The wrought iron will seldom vary more than a few hundred lbs. 
from the total weights thus derived, but in the case of the east iron, 
much of the correctness of the estimate depends upon the foundry 
where the work is done. Twenty per cent, however is the average 
allowance in cases where the castings are contracted for by thepound, 
tut where in common parlance the "job is lumped," the writer has 
observed a curious propensity on the part of the cast iron to diminish in 
weight several per cent, below this standard. 

In determining next the proportion of safe to breaking strain in the 
several parts, respect should be had to the frequency with which they 
are subjected to stress by tbe moving load, as this will manifestly in- 
fluence their powers of endurance. 

The primary system of a truss, that is, the system which upholds 
the entire truss when weighted with its maximum load from end to 
end, such as the chords of a Murphy or Triangular truss, or the 
main and secondary tension bars of a Fink bridge, may bo safely sub- 
jected to a heavier strain than the tertiary and panel systems of the 
Fink, or the panel systems of the other trusses, the latter of which 
are fully strained by the engine leading every train, while ' to strain 
the primary systems to the utmost limit allowed, would req^uire a 
train composed wholly of locomotives and their tenders. 

For the quarternary system of the Fink, and middle panels of the 
other trusses, therefore a strain upon the wrought iron tension bars of 
10,000 lbs. per square inch will be taken, as this is the generally as- 
sumed measure of safe stress, supposing it to he a constant one. For the 
tertiary system of the Fink and first tour panels of the other trusses 
11,000 lbs., aadibrthe primary and secondary systems of the Fink, and 
the chords of the Murphy and Triangular, 12,000 lbs. per square inch 
will be adopted. 

The Bollman truss being altogether a pand system of supports, 
the proportion proper to that system will be used for it, viz. 10,000 
lbs. per square inch. For the calculation of the strength of the cast 
iron parts of the several trusses, (and notwithstanding tho prejudice 
in Europe and to some extent in America against its use in bridges, 
it will be adopted in these comparisons for all parts in simple com- 

FA ^ 

pression) Bankine's formula will be used, wherein i _^ / does X }1\ — 

breaking weight of column, in which F equals 80,000 lbs, or the 
crushing weight per square inch of a cylindrical column of cast iron ; 

-^ = unity ; (i. e. length and diameter are equal) A equals area 
of section in square inches — I equals length in inches, and d equals 
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diameter in same. The results from this formula are somewhat lower, 
but are more uniformly correct (esipecially where J_ ie less than 30) 

than those given by the formulse of Barlow, Fairbairn or Hodgkinson, 
as the writer has ascertained by a thorough course of experiments on 
the subject. In proportioning the size of the cast iron parts, ref- 
erence will be had to the exposure to vibration, tlie greater relative 
strength to resist tliis disturbing element, which a large casting 
possesses in comparison with a small one, and the sizes necessary to 
ensure good casting and to provide against breakage from sudden 
shocks or careless handling in erection. For the strength of chords 
and large posts, where the metal is 1 inch and over in thickness, and 
-J- does not exceed 15, the proportions of the working load to ulti- 
mate strength will be 1-5 

For posts, metal not less than| nor -j- more than 

25, proportion, ...... 1-7 

For posts, metal f or leas, or -r- exceeding 25, 

proportion from 1-10 to 1-40 

The above principles and proportions are the results of much ex- 
perience on the part of the writer in iron and wooden bridge construc- 
tion, and they are here introduced with the view of making this a 
thoroughly practical and working analysis, and not merely a theoret- 
ical investigation. 

In choosing a through or overgrade bridge, for the subject of the 
present analysis, the Bollman and Triangular trusses gain in the 
comparison — the first because the posts have then but the chord and 
tension bars to support, no weight being transmitted to the tops of the 
posts, and they may be proportionably lighter in consequence, and the 
second, becanse in the undergrade truss, it loses the advantage of hav- 
ing its main brace to constitute its pier tower, and necessitates means 
for carrying the rail joists, by additional support to the piers or abut- 
ments from the terminations of the upper chorda. 

In the Murphy there is also a gain as there is a difference in the 
load of each post of the weight of one panel in favor of the overgrade 
bridge. For instance, with 15 panels of the truss loaded and the 
engine at Post No. 1 — this post in an undergrade bridge, would 
transmit the weight of the engine and transferred load behind the 
engine to the tie at its foot, while in an overgrado bridge, this tie 
would take this strain direct and not through the post, while the latter 
would only be the recipient of the strain from tie number 2, 3, &c. or 
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would carry just one panel less than in the other case. This law 
holds good' with all the posts in the bridge, as will be seen on ex- 
amination. 

With the Fink truss on the other hand there ia a considerable eom- 
parativeloss in economy of material in a "through" bridge, as in the 
e*»pgrade the flooring suspension, and bracing systems are omitted ; 
(the Triangular and Murphy trusses must have these brac;es in either 
case ;) the posts can be shortened and owing to tHe ' support of the 
bridge coming immediately under the top chord, (less base being 
therefore required than in the Triangular and Murphy systems, 
where the weight acting with a leverage equal to the depth of the 
truss, has a much greater tendency to produce lateral oscillation,) 
the distance between the chords can be narrowed and the bridge con- 
sequently cheapened. This last advantage is also possessed by the 
BoUman, but it does not counterbalance what is lost in other respects. 

The overgrade bridge is thus, in the above aspect, most favorable 
to the Bollman, next so to the Triangular, next to the Murphy, and 
disadvantageous to the Fink truss. 



Estimates of Material in the four TriMses respectively, upon, the princi- 
ples, and of the dimensions above given, viz. span 200 feet — height 
of truss 21 feet — distance of Ti-usses apart 18 feet — measured in each 
case from centre to centre of chords— 1& panels of 12^/ee( each. 

In these estimates, the parts subject to compression, that is top 
chords, posts, struts and pier towers, of cast iron ; tension bars and 
rods ot all classes, pins and holts, of wrought iron. The use of 
cast iron for the compressed parts of trusses is sanctioned by long 
and satisJactory experience in America, although the prejudice 
against it in England seems as inveterate as it is unnatural, con- 
sidering that in the cases in which (as in the Dee Bridge) failure 
occurred from its use, the material was subjected to transverse 
strain, owing to injudicious proportioning and arrangement of parts. 
It is believed that where the cast iron of our bridge trusses has 
been of proper section and properly protected from all cross strains, 
it has been the safest element of the combination, and that all the 
failures that have occurred have been from fracture of the wrought iron 
tension rods from insufficient sectional area, bad iron or imperfect 
welding. To use .wrought iron compressively from a vague and un- 
founded idea of its superior safety, is to reject a better and cheaper 
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material for an int'erioi" and dearer one, and tliis, tliere is little doubt, 
will be the final decision of Engineers here and in Europe. The 
complicated and costly modes of giving stiffness to resist compression 
to thin rolled iron plates which the dread of using cast iron in its 
place has led engineers to adopt, are remarkable instances of the 
power of preconceived notions. 



FINK TRUSS. 

Overgrade bridge 200 feet span— 21 feet depth and 18 feet width of 
truss — 16 panels 12^ feet each — cast iron pier towers. 

In this bridge the tension and counter-tension bars being all of the 
same length and each system of supports comprising either one half of 
the next larger or embracing two of the next smaller systems, the prin- 
ciple of the truss as well as the manner of the computation of the 
strains is much simpler than any of its competitors. 

Each post bears one-half the weight between the extremities of its 
supporting system and half of this again is borne by each tension bar 
attached to the post. Under this law the middle post supports one 
half the weight of one truss, the c^uarter post, one-fourth ; the eighth 
post one-eighth ; and the sixteenth post, one sixteenth of the same. 

On the middle and q^uarter posts there can only be brought the 
regular load, viz. one ton per foot over the space occupied by their 
supporting systems, but with the other two posts the case is different. 
During the passage of an eight wheel connected engine, which with 
tender attached, weighs 63 tons and covers lifty-six feet, there is one 
moment when the eighth poet bears 

Proportion of weight of engine, 32,410 lbs. 

" " tender, 8,400 " 

" " truss, IT, 000 " 



Total, 57,810 lbs. 

Or for convenience of calculation, say . . , 58,000 " 

On the system supporting the sixteenth post, as has already been 

shown, the proportion of weight of engine will be, 31,500 lbs. 

and weight of truss, 8,500 " 



Makipg a total of, ... 40,000 lbs. 

This post itself bears only the weight of one panel of chord casting 
and one half the weight of the transverse strut connecting the chords. 

Upon the above data the calculations and proportions following 
are based. 
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HORIZONTAL STRAIN ON CHORD. 



Tlie horiKoiifcal strain on the choril is uniform throughout, as in the 
case of the Bollman truss, and is equal to the sum of all the horizon- 
tal strains caused by the systems of tension rods taking hold at either 
end of the chord. 

The expression of this strain for any system is -yr" ^^ H,in which 
W eq^uals weight on post from regular uniform load, (which is one- 
half of the whole load on that system ;) P length of cLord from junc- 
tion of tension har with chord to top of post ; h equals height of post 
and H horiaontal strain in chord. A slight increase to the total chord 
strain thus determined takes place when the truss is fully loaded and 
the engine stands on the panel next the abutment, hut this increase 
occurs only in the iirst panel section, and this lias necessarily to be 8o 
much strengthened by the arrangements for the reception of the tension 
bars that further provision for this local strain would be unnecessary 
even were it much more than it is. 

Estimate of horizontal strain in chord in round numbevs : 



System 1. 
" 2. 
" 3. 



21X2 
90,000X^0 ^ 



45,000X25 ^ 



10.5X2 

Total strain on chord, 



429,000 lbs. 
107,000 " 

53,600 " 
13,400 " 

603,000 lbs. 
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SYNOPSIS OF WEIGHTS. 



Wrought iron in chain systema. 
" bracing and floorinj 



Total wrought iron in truss, 

Cast iron in chord and posts, 
" " in pier towers, 
" " struts and flooring, 

Total cast iron in truss, 



93,148 Ihs. 
11,100 " 



97,244 lbs. 
22,600 " 
6,900 " 

120,744 lbs. 



Total cast iron, 
" wrought iron, 
" lumber, (17,000 it.) 



126,T44 I 
104,248 
50,000 



But as the cast iron pier towers are not borne by 
the truss, and were not included in the as- 
sumed weight, deduct, 

"Weight of truss proper, .... 
" assumed for calculation, 



258,392 
272,000 



Surplus strength oftruss as above proportioned, 13,608 



ESTIMATE OF COST OF MATERIAL. 



126,744 lbs. cast iron, @ 6 cts. 
104,248 lbs. wrought iron, @10 cts. 
17,000 ft. lumber, @ $45rViF 

Total cost per span. 

Cost per foot lineal, 



$ 7,604 64 

10,424 80 

765 00 

$18,794 44 



$ 93 97 
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MURPHY TRUSS. 

Overgrade Bridge, 200 feet span ; 21 feet depth of truss ; width 
of do, 18 feet ; 16 panels, 12^ feet each ; cast iron pier towers. 



STRAINS IN CHORDS. 

To obtain these, the hridge will be considered as uniformly loaded 
throughout. 

In thia case, each tie has to carry the weight of truss and load 
between its junction, with the lower chord and the middle post, plus 
the weight of one-half panel between the said junction and the nearest 
abutment. For the resolution of the strains produced by this weight, 
the angle of tic with post will be considered, height of post eijualing 
rad ; length of panel nat. tang., and length of diagonal tie equaling 
nat, secant ; then by parallelogram offerees W X tang. = horizontal 
strain in ohord, and W X sec. = strain on tie. 

The total stress in any panel of the chords, is the accumulated 
strain of all the ties between it and the nearest abutment. 

To prove the results arising from the above computations, the 

standard formula — gj— (or span X weight, divided by 8 times the 
height of truss,) ^ horizontal strain in chord, at middle of bridge, will 
be used. 

If the accumulated horizontal strains from the ties at middle post 
of bridge, and the product of this well known and proved formula 
agree, it is a certain proof of the correctness of the calculation of the 
strains in the different parts, the sum of which make up the whole 
strain at middle panel. 
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POSTS AND TIES. 

To obtain the strains on these, the effect of a partial load on the 
bridge must be considered. In the ordinary mode of computation, 
the load borne by a panel tie or brace, ia assumed to be the -weight 
of truss and load between it and the middle post. This ia true only 
when the bridge is fully and uniformly loaded, but when the train 
extends only to the middle and beyond, the ties between the engine 
and the unloaded abutment, have to transmit to the latter its pro- 
portion of the rolling weight, the amount of this, of course, being 
determined by the position and consequent leverage of the centre of 
gravity of the load. With one-half the bridge loaded, and the en- 
gine opposite the middle post, the farther panel tie must support, 
first, its share of weight of truss, next, one-half the weight of engine, 
and lastly, the transferred weight to be borne by the unloaded 
abutment. As the train proceeds over the bridge, this law applies to 
each tie in succession, the centre of gravity advancing half a panel 
as the engine moves a full one, until they respectively reach the 
middle of the bridge and the farther abutment, at which point the 
strains according to both methods of calculation finally coincide. In 
addition to this strain, if a counter-tie happens to be loose, (which in 
this form of truss is certain to be the case on a hot day,} the opposite 
main-tie has to sustain the entire weight of the engine, a contin- 
gency which must be provided for in the formulary expression of 
the strain. For the middle panel tie, consequently, the equation is, 
(*-±-*)4.(l4,fl001bs. x(P X ^) =S, in which e=: weight of en- 
gine ; "t" = weight of portion of truss borne by tie ; 14,000 lbs. = 
weight per panel of rolling load ; P = number of panels between rear 
of engine and loaded abutment ; g = No, of panels between centre of 
gravity of P and same abutment, and Jfi = whole No. of panels. 
For the tics beyond the middle, the expression becomes (e -|- t) -\- 

(l4,000 x(P X -fg) (the last may be rendered (-~) = S, and for 
the counter-ties, as they bear no part of the weight of the truss, (the 
main tie being always necessarily in adjustment, and consequently 
ready to bear its half of the weight of the engine,) -^ + 14,000 X 
( — J ^1= S. — These last are only calculated from the abutment to the 
middle post. For reasons already given, e is for middle panel, 
31,500 lbs.— for side panels, 36,750 lbs. 
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Theoretically, the counter-ties begin to act at the middle of the 
bridge and aucceseiv.ely become main-ties moving towards the advanc- 
ing load, as the shifting centre of gravity of the train and loaded 
portion of the trass renders it necessary to transfer to the unloaded 
abutment a sufficient portion of the weight of the unloaded part of 
the truss to preserve an equilibrium of horizontal strains in the 
chords. In other words, through this action of the counter-ties, the 
virtual centre of the bridge is shifted towards the load at the rate 
required by the relative weights and leverage of the centres of gravity 
of the two opposite pQ,rtions of the truss, on each side of this moving 
centre, to keep the truss in eqmlibrio. 

In point of strict theory, therefore, no counter-ties are required be- 
tween the loaded abutment and that panel where the load and this 
shifting span centre at length meet, and between this point of meet- 
ing and the actual middle of the bridge the weight on the counter-tie 
is the transferred weight due to its position, less the weight of that 
portion of the truss between the counter-tie in question and the mid- 
dle post. In practice however, owing to bad workmanship, defective 
adjustment, etc., the results given by the foregoing equation are hy 
DO means greater than are necessary for spans of 200 ft. and under. 
Beyond this, as the span increases and the relative weight of the load 
becomes less in proportion to that of the truss, the counter-ties may 
be reduced more nearly to their theoretical dimensions, and in very 
large bridges they may be omitted altogether in the panels nearest 
the abutments. 

In the following computations of strains the multiplier is carried 
out to but one decimal, as there is no necessity for the strain to be 
calculated within less than one thousand lbs. of the exact figure for 
the purpose of proportioning the parts. 
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MURPHY TRUSS. 

WEIGHTS OP MATERIALS— SYNOPSIS. 



Wrought iron in chord, .... 
" " ties and counter ties, 

" " flooring and bracing eystema, 

Total wroiiglit iron in bridge, 



Cast iron in chord and posts, 
" pier towers, 

" struts and flooring, 



34,380 lbs. 
49,405 " 
8,470 " 

92,255 lbs. 

113,86;^ lbs. 
22,600 " 
6,900 " 

143,303 lbs. 

"92^5TbT 
143,363 " 
60,000 " 

285,618 Iba. 

22,600 " 

263,018 lbs. 
272,000 " 



Total cast iron. 

Total wrought iron in bridge, 
" cast " " 

■" lumber (17,000 ft. E. M.) 



Deduct for pier towers, they not being carried 
by truss, 

Weight of truss proper, .... 

Assumed weight of truss in calculation, 

Surplus strength of bridge, 

ESTIMATE— COST OF MATERIALS. 



92,255 lbs. wrought iron, @10cts. . . $9,225 50 

143,363 " cast " @ Sets. . . 8,601 78 

17,000 ft. B, M. lumber, @$45 00 . . 765 00 

Total cost, per span, .... $18,592 28 

Coat per lineal foot, . . . . $92 96 
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TRIANGULAR TRUSS. 

Over-grade bridge, 200 ft, span, 21 ft. depth of truss, IS ft. widtli 
of truss, 8 panels 25 ft. each, but with chords and flooring braced aad 
supported at every 12^ ft. 



STRAINS. 

These are the same in all parte as in the Murphy, as is also the 
method of computation. Every alternate tie in the first named truss, 
is matched by an inclined brace in the Triangular standing at the same 
angle, and resisting the same amount of strain, but with the direc- 
tion reversed both of strain and angle ; while the other set of ties is 
tho same in both bridges. These inclined braces thus take the places 
of all the posts and every alternate tie in the Murphy bridge, and 
from their position in the framing become positive and active agents 
in the transmission of strains from the middle of the bridge towards 
the abutments and in the compensation of the truss, instead of ful- 
filling the merely negative duty of acting as straining beams between 
the chords, aa in the case of the posts of the Murphy, Linville, 
Whipple and other Beam triiases. The panels being double the 
length of those in the Murphy truss, the diminution of strains in the 
chords takes place at one half the number of intervals, and conse- 
quently there will he a gain in the upper chord of the Triangular, 
amounting to the half-panel decrement in each panel, and the same 
loss in the lower chord, as compared with the Murphy. In the fol- 
lowing tabular estimate, however, the sizes of the castings of the 
upper chord are made the same as in the Murphy truss, although the 
strain is less, as above stated : while the Murphy retains its advan- 
tage in the lower chord in the lesser q^uantity of wrought iron. 
Owing to the length of the panel, the rail joist ie supported by a 
suspension link, and the upper chord by a six inch cast iron post 
(No. 5) in the middle of the panel span. This post is movable both 
at top and foot. 
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TRIANGULAR TRUSS. 

WEIGHTS Oli' MATERIALS — SYNOPSIS. 

Wrought iron, in cliord, .... 37,555 l"bs. 
" " in ties and counter-ties, . 21,958 " 

" " flooring and bracing systems, 14,^96 " 



Total wrought iron, in 'bridge, 73,809 lbs. 



Cast iron, in cbord and posts, . . . 111,131 lbs, 

" " in flooring and struts, . . 9,700 " 

Total cast iron, in bridge, . 120,831 lbs. 

Total cast iron, 120,831 lbs. 

" wrought iron, 73,809 " 

" lumber, (17,000 ft.) .... 50,000 *' 

244,640 lbs. 
Deduct for pier bed plates, which are not borne 

by truss 2,200 " 

242,440 lbs. 
Assumed weight of truss, .... 272,000 " 

Surplus strength, . . . 29,560 lbs. 

ESTIMATE OF COST. 

120,831 lbs. cast iron, @ 6 cts. . . . $ ?,249 86 
73,809 " wrought iron, @ to cts. . . 7,380 90 
17,000 ft. B. M. lumber, @ $45 00 . . 765 00 

$15,395 76 
Cost per ft. lineal, . . . $ 76 98 
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BOLLMAN TRUSS. 



Over-grade bridge, 200 feet spiin, 21 feet depth of triiss, 18 feet 
width of truss, 16 panels 12J feet each, cast iron pier towers. 

From the peculiar principle of this Trass, viz. the direct transfer of 
all strains to the chord at the abutments, each panel with its separate 
supporting system at every post is separately and successively exposed 
to the extreme load of 40,000 Ihs. 

The strains caused in the tension and counter-tension rods support- 
ing each panel, will then be expressed in the case of the tension rod 

, .1 ,. W X P I t. J WX(16— P) t c n 

by the equation — ^ — x "2r ^^ '-'' ^°" is — '^ 'JT =^ o ii^r 

the counter-tension rod. In the foregoing, W == 40,000 Ihs ; P = 
No. of panels traversed by long or counter-tension rod ; 16 ^= whole 
No. of panels ; I = length of rod, and 21 = depth of truss in feet. 
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TABLE OP STRAINS AND WEIGHTS OF WROUGHT IRON PARTS. 
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Add tot 


Weight c 
bolts, nuts, sycs and p 


ftensio 
M, 15 


a rods = 
per cent 


146,951 
32,042 


163,093 


Suspension link 








40,000 


10,000 


1.23 
1.25 


2. 
23. 
24.5 


30 
64 
64 
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13.6 
4.2 
4.25 
4.25 
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6,183 
6,604 
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iyes and pins, 15 per cent, 2,126 
Total weight of wrought iron = 
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HORIZONTAL STRAIN IJf CHORD. 

The horizontal strain on the upper chord of tliis truss is tho sum of 
all the strains produced by the tension rods attached to either end of 
the truss. The strain from any one tension bar is — , — =^ strain in 
chord, in which S = strain on rod, P ^^ lengtSi of chord from abut- 
ment to post, and I =^ length of rod. Substituting therefore the 
previously ascertained quantities in the foregoing equation we have 
for 



HORIZONTAL STRAINS 

X 13.5 

24.5 

00X25 



G6,! 



33 
'50 X S1.0 ^ 

n,5U X 50 _ 

51.3 
IP,*38 X fi2.5 

92,851 X ■'5 _ 

is 



11 X ^ [^JB. 15 being equal tt 
,6es X 2[Sya. M " " 
038X2[Sys. 13 " " 

430 X '^ [Sys- 12 " 
354 X 2 [Sya. 11 " " 
285 X 2 [Sjs. 10 " '^ 
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t, Central System] = ■■ 



The horizontal strain on chord with tension bars, calculated to ex- 
treme load, due to weight of engine on each post or panel succes- 
sively, is therefore = 1011,926 Tba., but as the strain produced on the 
chord by the assumed regular load of one ton per lineal foot over 
the whole chord is what is now required. 

Then ^-""' "^^ ^ ^^' — = 569,208 lbs,, which is the true strain on 

40,000 

chord. 

By deriving the horizontal strain direct from the formula ^ 
^= H, in which W = proportional weight on post borne by tension 
bar in question ; L = distance between end of chord and head 
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of post, and h = heigliL of post, we have H = 569,109 lbs., wliich 
affords both a test and a proof of tbo acjcuracy of the preceding cal- 
cuiatioiis of hoth teaaile and compressive strains. 



STRAIN ON POSTS 



The post iti tho Bollman bridge has to support its own weight, 
the weight of one panel of chord, and one half tlie weight of the 
transverse strut connecting the chords of the two trusses, together 
with s'e part of the total weight of the tension bars, and must, in ad- 
dition, be capable of withstanding the great vibration of the tension 
bars, when they are numerous, and the length of the span considera- 
ble, as well as to resist any accidental strain from tiie panel rods 
when the bridge is out of adjustment from the effects of temperature. 
The seemingly large relative strength which is given them by the 
proportions assumed in the accompanying calculations is necessary to 
ensure a good casting of that length and to resist the vibratory action 
of the truss. 



TABLE OF STRAINS AND WEIGHTS, OAST IHOK PARTS. 
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3,903,750 


1-5 
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11,300 
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2 


156.5 


63,600 


Posts 


1 


i 


1,583 


193,800 


1-25 


10.2 


744 


21 


30 


s,,e 


19,920 



Add 20 per cent jbr mouldings aud joints 16,Si 

Total la cbord 9,nd posts 

IT cross struts, between top cliotds, 300 Iba, each 

30 girder plains, 60 lbs. each, (a bearing for girders at foot of suspension link,) 
Total weight oast iron in truss 1 

Add 4 pier towers, 5,C50 lbs. each 

Total weight cast iron in bridge 1 
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SYNOPSIS OF RESULTS. 

Total weight cast iron in bridge, . . = 128,524 lbs. 

Total weight wrought iron in. bridge, . =185,291 " 
Total weight lumber, (17,000 F., B. M.) = 50,000 " 

Total weight of bri(1ge, 363,815 lbs. 

Batas pier towurs arc not borne by truss, deduct 22,600 " 

Weight of truss proper. , = 341,215 " 
Assumed weight of trnsB in calculation, . ^ 272,000 " 



Deficiency of strength by surplus material. 



ESTIMATE OF COST. 



Wrought iron, 185,291 lbs., @ 10 cts. . . $18,529 10 

Cast iron, 128,524 lbs., @ 6 cts. . . . 7,71144 
Lumber, 17,000 ft, B. M., @ $45, . . 765 00 



Total cost per span, . . $27,005 54 
Cost per lineal foot, . . g 135 02 

The preceding calculation of sectional area and weights assume 
that the long bars of each system are proportioned, in area to the 
smaller strains they bear. But the Bollman truss, as the writer is 
informed, is usually constructed in practice with the two rods of each 
system equal in sectional area, to obviate, in a degree, the disturbing 
effects (from extension under strain) of the inequality in their lengths. 
There should, therefore, be the proper correction made for this prac- 
tice, recognized and adhered to as it appears to be by the authorized 
builders of this truss. It is probable that in this case that the section 
of the long chain is increased to the size of the short one, as a dimi- 
nution of the latter or an average of the two would increase the strain 
per square inch to an unsafe degree in the short chain. 

The writer has also learned that the premium design presented 
at the St. Louis competition lately invited by the North Missouri 
Railroad Company, had a depth of truss for a 200 ft. span of 28 ft. 
and a length of panel of 17 ft. The object of extending the panel 
80 much beyond the usually adopted length must have been to 
lessen the accumulation of rods at the ends of the chords. This may 
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be necessary to permit the extension of this trues to 200 ft, span, but 
it must involve au expensive rail joist, a considerably increased metal 
section in the chorda, and cannot influence the present comparison 
favorably to this form of truss. 

Make the same change of depth, and length of panel in the other 
trusses, and all three would still maintain their relative positions 
with the BoUman as to cost and strength. The Murphy, in fact, 
would be a gainer by the change. 

The Bollmao truss, with 200 ft. span, 28 ft. depth of truss and 
17 ft. panel, may be as cheap as a Murphy or a Fink truss of the 
same span with 21 it. depth of truss and 12| ft. panel, but it is not 
nearly as cheap a bridge as either of these would be were they changed 
to thesarae proportions. In the foregoing estimatethe writer has con- 
sidered the panel bracing simply as panel rods intended to guard 
againstthe rising of the chord under a partial load and has proportioned 
them accordingly, deeming it a useless expenditure of material to 
enlarge them to the necessary sectional area to make of them a dis- 
tributive system, as they cannot act as such excepting when tlic con- 
dition of the temperature is the same as when they were first adjusted. 



The several trusses will next be considered, in their relative actions 
under changes of temperature or moving trains causing compressions 
and extensions of their several parts. The accompanying diagrams 
will iUustrate this part of the subject. 



THE TRIANGULAR TRUSS. 




This truss, as is seen, consists of a series of triangles, which under 
a uniformly distributed load at rest, have one side compressed and 
two extended, or two compressed and one extended, according as 
their vertices point upwards or downwards, and by the principle in- 
herent in the truss are invariably so strained, excepting in t!ie case of 
the ties and braces nearest the middle, in which the strains may be 
'■ w/ien a partial had, covenng less than one-half the bridge, 
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produces a greater stress in (he wpper chord and in the supports of the 
panel on, which the engine is standing, than the counter-stress earned 
by the leeight of the opposite portion of (he ti-uss not yet covered by 
the train. The exact point wbere tliis reversion of the direction of 
the forces in the tiea and braces takes place is that where the weight 
of the partial load, added to the weight of the loaded poi^tion of the 
tniss, acting with a leverage equal to the distance of the centre of 
gravitj' of their combined weights from the loaded abutment, pro- 
duces a horizontal strain in the upper chord equal to that caused by 
the weight of the unloaded portion of the truss acting with a leverage 
due to the distance of its centre of gravity from the unloaded o\^\xi- 
ment. These strains, however, are provided for in construction by the 
use of counter-ties and braces at these points, and as all the connec- 
tions of choiiis, ties and braces are made by means of cylindrical pins, 
and therefore freely movable, all the systems adjust themselves to the 
partial stress of every passing load without strain upon the joints, 
and with equal fiicility to changes of temperature. The "Newark 
Dyke Bridge" of 297 leet span, is built on this principle, and is re- 
garded, as perhaps, the most perfect truss in England. 



THE FINK TRUSS. 



The compensation of this truss is still more complete than 
that of the Triangular, embodying as it does the same principle in a 
form which gives the parts more freedom of action to elongate 
or contract independently of each other, under the stress of moving 
loads or change of temperature. 
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tt will be seen that should the truss lie deflected as shown by the 
dotted lines from a load or the effect of temperature, the feet of the 
poets being free to move, they have maintained their position, normal 
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to the curve of the chord, and the distance from foot of post to point 
of suspension, is relatively the same, and the truss is equally strong 
and in as good adjustment as before deflection took place. 

This is manilestly true of an undergrade truss, and not less so in 
the case of the overgrade ; as in the latter, the flooi'way is suspended 
from the ieet of the posts by compensating suspension links, which 
permit free motion of the feet of the posts as before. 



MURPHY TRUSS. 



The compensating principle in tiiis truss, is much less perfect than 
in either of the two r 




In Figure 3, in the event of a settling of the truss irom the effects 
of temperature, (the wrought iron bottom chord, expanding more 
than the top clrard of cast iron, both from the greater expansibility 
of the material, and its greater exposure of surface in these bars than 
in hollow cylinders) as shown by the dotted lines, the diagonals in 
the direction of the ties a, a, a, have increased in length, while those 
in the direction of the counter-ties b, b, b, have shoi'toned. But the 
counter-ties having themselves been lengthened by the heat, are con- 
sequently loose from a double cause, and the bridge is, while in thia 
condition, entirely without a distributing system, and upon theengine 
coming on one end of the bridge, the other must inevitably rise until 
the counter-ties are tight, thus producing a vibratory wave in the 
truss, which is destructive to its permanency, and which is observable 
in the undulatory movement of this truss on a hot day. Where the 
deflection is caused by a load, this defect is still more marked, as in 
that case the upper chord and posts contract instead of expanding, 
while the main-ties and lower chord lengthen as before, thus tender- 
ing the counter-ties more incapable of poriorming their proper 
duty than in the former case. 
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THE BOLLMAN TRUSS. 

In this truss, the effects of temperature are partially provided for 
by a suapensioQ link at the foot of each post, and in short spans this 
arrangement answers the purpose, as the angle produced by the great 
proportional expansion of the long bar as the posts approach the 
abutment, is not sufficiently large to materially affect the adjustment 
of the truss. The posts, however, their feet being fixed by the floor 
stretchers or bottom chord, (this system of floor or chord stretchers 
between the feet of the posts and the abutments is used on all Boll- 
man bridges both above and below grade,) must move in vertical lines 
and this throws the panel rods out of adjustment in the same manner 
as the counter-ties of the Murphy, when that truss is deflected from 
the effect of temperature. If, as is not unlikely to be the case, the 
stretcher bracing is not wedged tightly, a considerable portion of the 
strain arising from the load must, in this event, inevitably be thrown 
upon the panel rod, a result contrary at once to the main principle 
of the truss, demanding an increase of strength in this rod to meet 
this contingency, and showing the inapplicability of this truss to long 
spans, as this difliculty as well as the mechanical one, of the great 
concentration of tension bars at the end of the chord, increases in 
rapid proportion to the length of span. 

From the above comparison, under the head of compensation, under 
strain and change of temperature, we may rank the several trusses 
thus — Fink, Triangular, Eoliman (tor short spans) and Murphy ; 
under the liead of adjustability orfacility of restoration to their proper 
form, when deranged from any cause, we may place the trusses 
without much discussion in this order : Bollman, Fink, Triangular, 
Murphy, the difterence between the two first being not great, and 
only more favorable to the Bollman truss, by reason of the panel rods 
of that system, which give a means of adjustment separate from that of 
the main tension bars, the panel rods being indeed an independent sys- 
tem of support, the want of harmony of action of which, with the main 
system of long and short tension bars, is one of the most striking 
imperfections of this truss under a load, but most useful in its adjust- 
ment. 

The Triangular truss is manifestly more adjustable than the Mur- 
phy, owing to the superior simplicity of its elements and smaller 
number of parts, yet both these trusses from the dependence of their 
parts on each other, panel by panel, and to their want of such a 
thorough system of supports, and lor transmission of strains to their 
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abutments from intermediate points, as is possessed by the Fink and 
Boliman trusses, are deficient in their power of restoration to their 
normal condition after settlement without the aid of false works. 

All of theao trusses being in their several connections of parts under 
the control of screws and wedges are, so far as these arrangements 
are concerned, equally adjustable. 



GENERAL CONCLUSIONS. 

If the writer has in the [ireceding investigation applied sound 
principles to correct data, as he earnestly believes that he has, then 
the following results will have been established: 

Ist, That a single track railway bridge of 200 feet span and o£ the 
other dimensions and strength stated in the above estimate, of cast 
and wrought iron with wooden floor beams and railjoists, with the 
following amounts of material upon the four different models above 
discussed, would cost for material alone, at the scale of prices as- 
sumed for the purpose of this comparison, viz. For an overgrade or 
through bridge. 

ON THE TRIANGULAR PLAN. 

120,8311bs. castiron, @6 cts. . . . $7,249 86 

73,809 lbs. wrought iron, @ 10 cts. . . . 7,380 90 
17,000 ft. B. M. lumber, @ $45,°/„ . . 765 00 



Totalcost of material, . . . 15,395 76 

Cost per foot of bridge, . . . . $ 7<> 9^ 

MURPHY TRUSS. 

143,363 lbs. cast iron, @ 6 eta. 
92,255 lbs. wrought iron, @ 10 cts. 
17,000 ft. B. M. lumber, @ $45,^. 

Total cost of material, .... $18,59228 

Cost per foot of bridge, .... $ 92 96 
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FINK TRUSS. 

126,T44 lbs. cast iron, @ 6 cts. . . . | r,f>01 G4 

104,243 lbs. wrought iron, @ 10 cfcs. . . . "!0,424 80 

17,000 ft. B. M. lumber, @ $45,7, ■ ■ "^^^ 00 

Total co3t of material, $18,794 44 

Cost per foot of bridge, . . . . $9:5 97 

BOLLMAN TRUSS. 

128,524 lbs. cast iron, @ Sets. . . . $7,71144 

185,291 lbs. wrought iron, 10 GtB. . . . 18,529 iO 

17,000 ft. B. M. lumber, $45,Vo ■ ■ 765 00 



Total coat of material, 
Cost per foot of bridge. 



MATERIALS AND COST OP THE FOUR TRUSSES, IP UJJDER-GRADE BRIDGES, 

MURPHY TRUSS-UNDER-GRADE. 

Cast iron, 152,677 lbs. 

Wrought iron, ....... 93,459 " 

Lumber, (17,000 ft.) 50,000 " 

Weight of truss 29fi,lS6 lbs. 

Deficiency of strength after deducting for pier 

towers, ,.....,. 1,536 lbs. 



BOLLMAN TRUSS. 

Cast iron, 134,285 lbs. 

Wrouglit iron, 186,908 " 

Lumber, (17,000 ft.) 50,000 " 

Weight of truss, 371,193 lbs. 

Deficiency of strength after deduction for pier 

bed plates, 95,993 lbs. 
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FINK TRUSS. 

Cast iron, 11^,171 Iba. 

Wrought iron, 98,7-8 " 

Lumber, ([.7,000 ft.) 50,000 " 



Weight of truss, 261,949 !bs. 

Surplus strength after accounting for pier bed 
plates, 13,251 lbs. 



TRIANGULAR TRUSS, UNDER-GRADE. 

Oast iron, 144,846 lbs. 

Wrought iron, 70,558 " 

Lumber (17,000 ft.) 50,000 " 

Weight of truss, . . . 2(i5,404 lbs. 

Surplus strength after accounting for pier 
towers and tressels, 16,796 lbs. 

In the above statements the Murphy is estimated as retaining tlie 
cast iron pier tower, which saves it twenty-one feet of masonry, the 
Beam trusses being usually built in this way, while in the Finlt and 
BoUman the pier wall is considered as carried up to the upper chord, 
a mode of construction which, if it increases the first cost somewhat, 
also increases tbe stability. The Triangular also saves the twenty- 
one feet of masonry, but two iron tressels for carrying the roadway 
from the termination of the top ciiord to the pier or abutment are 
added to its cost. This twenty-one feet of masonry will be consider- 
ed, therefore, in the estimates for the Fink and BoUman trusses — the 
iron pier towers of the Murphy and the tressels of the Triangular are 
included in the items of cast and wrought iron in these trusses. 

MURPHY TRUSS, UNDER-GRADE BRIDGE. 

ESTIMATE OF COST. 
Cast iron, 152,677 lbs. @ 6 cents 



Wrought iron, 93,495 lbs. @ 10 cts. 
Lumber, (17,000 ft.) @ $45 00 . 

Total cost per span. 
Total cost per lineal foot, 



§9,160 62 

9,349 50 

765 00 

$19,275 12 

$ 96 37 
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TRIANGULAR TRUSS, UNDER-GRADE. 

ESTIMATE OF COST. 

Cast iron, 144,846 lbs. @ 6 cts $8,690 76 

Wrought iron, 70,558 lbs. 10 ots. . . . 7,055 80 

Lumber, 17,000 ft. |45, . , . . . 765 00 



Cost per span, |16,511 56 

Cost per foot^ lineal, $ 82 55 



BOLLMAN TRUSS. 

ESTIMATE 01'' COST. 

Cast iron, 134,285 @ 6 eta | 8,057 10 

Wrought iron, 186,908 @ 10 cts 18,690 80 

Lumber, 17,000 @ $45 765 00 

124 yds. of masonry, @ $12 .... 1,488 00 

Cost per span, $ 29,000 90 

Cost por foot lineal, _U45 00 



FINK TRUSS-UNDER-GRADE BRIDGE. 

ESTIMATE OP COST. 

Cast iron, 113,171 lbs, @ 6 cts. ... $ 6,790 26 

Wrought iron, 98,778 lbs. 10 cts . . . . 9,877 80 

Lumber, 17,000 ft. @ $45 .... 765 00 

124 yards masonry, @ $12 1,488 00 

Cost per span, $18,921 06 

Cost per foot lineal, $ 94 60 

The same scale of prices has been assumed for all of the plans, as 
it cannot materially differ for any of them, the same quality of 
materials being required for all, and the work of p'ltting them into 
shape and fitting together being about alike. 

The advantage of first cost then for an uvergrade bridge, is with 
the Triangular, the Murphy, the Fink and the BoUman, in this order 
and at the following prices per foot run, via. Triangular $78 02 — 
Murphy $92 95— Fink 93 97 and BoUman $135 02— For an under- 
grade bridge they stand — Triangular $82 55— Fink $94 60— Mur- 
phy $96 37 and BoUman $145 00. 
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Now as the reliitive merits of any number of forms of bridge truss, 
if they are assumed to be equally strong, safe and durable, must be 
determined by their comparative .^r«( cost, then we have the means 
of deciding under this one head which of the trusses here considered 
is most worthy of general adoption in their respective aspects, in an 
overgnide or undergrade position. 

There are however, it must be admitted, other considerations besides 
first cost which have a legitimate bearing on the judgment of the 
engineer, who is selecting a plan for his bridge. These considerations 
which have been treated of in this paper, under the heads of "Oom- 
pensation" and "Adjustments," deserve a further brief notice before 
bringing it to a close, as they show that the principles of the four 
trusses discussed, differ so much in these respects as to make it im- 
possible to regard them as all "equally strong, safe and durable," 
but, that the question of "first coat" must be compounded with other 
points of merit and demerit under the heads j list named. 

Ttius it is clear, that the truss which accommodates itself best to 
passing loads and temperature, must require less supervision and atten- 
tion to its condition, and is kept in order at the least cost, and hence, 
if it be at the same time the cheapest to build, is also tlie cheapest 
to maintain, and so doubly the most economical and therefore the 
preferable, By combining this consideration with that of original 
cost, a still more satisfactory consideration can be reached from the 
premises afibrded by the results of the preceding estimates. 

Farther, these estimates if correct, show that the trusses as com- 
puted are not in fact equally strong, although it was tiie wish of the 
writer to bring them as nearly as possible to the same standard in that 
3t, but as he had to assume a certain weight for the truss, which 
I to prove heavier or lighter, according to the truss under con- 
sideration, than was required by the load to be carried, the only way to 
show the relative strength of the different trusses, was to compare their 
calculated weights with the weight assumed, and see how far they 
fell short of or exceeded the latter. From this comparison it appears 
that the assumed weight of truss in each case being 272,000 lbs,, and 
the estimated weights of the material borne by the truss, computed 
from the strains, being 242,440 lbs. in the Triangular, 263,018 lbs. 
in the Murphy, 258,392 lbs. in the Fink, and 341,215 in the BoUman 
truss, the three first showed a surplus strength of 29,560 lbs. — 
8,982 lbs, and 13,608 lbs. respectively, and the last a deficiency of 
69,215 lbs. By this scale of strength the Bollman truss would break 
down with 98,775 lbs, less than the Triangular, 78,197 lbs. less than 
the Murphy, and 82,823 lbs. less than the Fink truss, all being over- 
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grade bridges, and with 112,789 lbs. less than the Triangular; 
109,244 lbs. less than the Fink, and with 94,451" lbs. less than the 
Murphy, all being undergrade bridges. 

As the standard load upon the bridge was talsen at 448,000 lbs., 
and the parts were proportioned to meet this strain, on the pre- 
sumption that the truss itself would weigh just 272,000 lbs,, conse- 
quently the variation above or below this assumed weight of truss, 
is just so much added to or subtracted from its load bearing capacity. 

Therefore we have in an overgrade bridge, 

TRIANGUIAB. riNK. IrUBPHY. BOLLMAN. 

448,000 lbs. 448,000 lbs. 448,000 ibs. 448,000 lbs. 

-1-29,560 " -1-13,608 " +8,952 " — fi9,215 " 



as the relative available strength of each, and in an undergrade bridge, 

TEI ANGULAR. FINK. MUBPHY. EOLLMAN. 

448,000 448,000 448,000 448,000 

+16,796 +13,251 ~1,5:!6 —95,993 



464,796 lbs. 461,251 lbs. 446,464 lbs. H52,007 lbs. 

are the measures of their respective efficiency. 

It is plain, therefore, that to bring the tour trasses to an equality 
of strength, the amounts of material in the Triangular, Murphy and 
Fink trusses, would have to be decreased, and that of the Boiiman to 
be increased in the proportion in eacli of tlie weight of truss to its 
load bearing capacity. 

The reason for this excess of material in the Bullttian bridge, nnac- 
companied by any increase of strength, but on the contrary, a source 
of weakness by overloading with dead weight, are 1st, that this 
peculiar system of an independent support for each post, reaching to 
eacli abutment, involves tlie necessity of making that support sufficient 
to sustain not only the average load of one ton per foot over the whole 
truss, when covered by a train, but the much greater load of 84,000 
lbs. on 12^ feet brought by the locomotive successivfly on every 
panel. Now this local load is sustained in the other trusses by 
short rods or bars reaching only through one panel, while in the 
Bollman truss they reach through the whole length of the truss. 
Hence, a single locomotive passing over, without a train, will strain 
every set of tension bars in the truss which form not only the local, 
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but tlie general system of the ti'usa to its extreme stress, while in the 
other trusses an engine alone will bring upon the general supports, 
but a small part of their exti-eme stress, and only that extreme stress 
on its local supports. 

The effect of this anomalous feature of the Bollman truss, must be 
inauii'estly a vast increase of material, with no corresponding increase 
in general supporting power, and a most uneconomical arrangement 
of parts, 

Tlio panel or local diagonals which would not appear to be neces- 
sary to the principle of the Bollman truss, except to prevent a rising 
of the chord from partial loads, are doubtless introduced in order to 
effect a distribution of this local weight among several sets of tension 
bars, and if it were possible to make these two incompatible systems 
work together, some relief to the bars would be obtained, but as they 
must be adjusted at some one state of a temperature which is 
perijetually changing, it is evident that at any other temperature they 
must cease to act in harmony, in consequence of their greatly dif- 
ferent length and sectional area. An expansion of the tension bars, 
the 20tb part of an inch more than the panel rods would throw a large 
sliare of the strain from the former upon the latter, and a similar 
contraction would transfer it from the latter to the former, the com- 
pensation link notwithstanding, for the moment the link swerves from 
the vertical line one or other ofthesytems becomes relatively inactive. 

This subjection of both the local and general supports to a con- 
stant recurrence of the extreme strains, makes it necessary to allow 
the largest margin in the strains per square inch and requires as in 
the case of the panel systems of the other trusses, that 10,000 lbs. per 
square inch should be used as the working strain of the wrought 
iron, where it is habitually exposed to its full calculated capacity. 
In the distributing trusses this is the case with only about one-fourth 
of their tensile material, while in the Bollman it covers nearly the 
whole. 

The strength of a bridge however, is the strength of its weakest 
point at its weakest moment, and this provision fpr particular strength 
at a series of detached points, adds none whatever to tlie general 
strength of the structure : as the rest of the parts being graduated to 
bear the regular load over the whole length, its ultimate capacity 
amounts to this and nothing more, while the weight of surplus mate- 
rial in the bridge itself, has of course to be deducted from its load 
bearing capacity. 

The Bollman truss is advocated by some, on account of the supposed 
superior safety due to its indepenilent support to each post ; the idea 
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being that if any one pair of tension rode gives way, all the others 
will hold, and so the trtisa be saved from wreck. This is however a 
mistake. 

The BoUman triiaa would be as effectually broken up by the failure 
of one post, if a load was on the bridge, as the Triangular, Murphy or 
Fink by a similar failure ; for the upper chord which is common to all, 
would most probably be fractured and so the entire system would be 
destroyed. The panel rods in the Bollman truss, which look like 
auxiliaries, ready to render their aid in case of a fracture of the main 
tension rods, are manifestly too weak to snpply the place of the latter 
in case of their breakage. The promised safety is bat apparent, not 
real. The Bollman as well as all other truBSes, depends on good 
material and workmanship. If the excess of material in this truss 
were put into any of the others, they would be stronger than it, because 
better arranged and the parts working in harmony with each other, 
instead of forming separate systems independent and incompatible. 
An unfavorable feature of the Bollman truss, growing out of the in- 
dependent support of each post, is ihat the depression of the first post 
from the end, under an advancing train is nearly as great as that of 
the centre post, while in the other trusses the deflection gradually 
increases from the ends to the middle. 

'i-'he increased shock to a train from this sudden sinking of the 
bridge in passing from its masonry supports, must be manifestly 
hurtful to both train and bridge. 

It may be objected that the proportions of some of the trusses here 
examined differ from those used by their patentees or builders. If 
they do, then if the estimates of this paper are correct, they are either 
too light or unnecessarily heavy: and as the estimates are open to 
invited criticism, it is awaited with the mind of the writer open to 
conviction. It is probable that all of the trusses as here proportioned, 
are somewhat heavier than they are usually built, as the writer has 
geoerally found .very little attention paid by most bridge builders to 
the important facts, that the great weight of the modern engines more 
than doubles the old standard working strains on the panel systems 
of the Suspension trusses, and this, together with the consideration of 
the effects of partial loads on the Beam trusses, (as explained in this 
paper,) must necessarily cause an increase in the proportions of the 
latter. 

The calculated materia! in the Fink Truss, however, is less by sev- 
eral thousand lbs. of cast iron than in the Barren river bridge taken as 
the standard in the early part of this paper. This is owing to the 
shortening of the posts in the sub-sj'stems of the truss here estimated 
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for, A Gorresfioncling increase in the wrought iron is due to the 
same cause, so it is evident that the Barren river bridge is iUlly uj) to 
the standard strengtli. It is due to the inventor of this truss to state 
that tlie long post principle, as nsed in the Barren river bridge, is 
preferred by liim over the short post system considered in the present 
article. 

Before closing this paper the writer deems it easetitial to farther 
explain his views relative to the matter of compensation. In the 
review of the Murphy Truss the inefftoient system of conn terb racing 
and eonseijuent want of rigidity in the tnisa is condemned as a sltIous 
defect in the principle of tlie bridge; wliy then is tho Triangular 
Truss not equally faulty in tliis particular, since the distributive 
principle is nearly the same in both? In the latter, however, we 
have the power of applying a mechanical corrective to the difficulty 
which in tlie former cannot be done. This simply consists in passing 
the connter-tie connecting top and bottom chords through the interior 
of the east iron inclined brace and thus sheltering it from thermal 
effects except as received throngl^thc cast iron column. By loading 
the bridge from . end to ■ end with the heaviest train which can be 
brought upon it and screwing down the connter-ties while it is in this 
condition, an equilibrium of adjustment will be established which 
will not again he disturbed. This matter of shielding a small but 
important rod from the direct effects of the sun or cold is of much 
more importance than it is usually considered. A bar of small section 
will frequently he heated through, and expanded to its full extent 
before the larger parts have absorbed heat enough to have perceptibly 
change! their length. The writer has been delayed for an hour 
or more during the erection of a bridge from the fact that the 
bridge was in the sun and the pile of tension bars that were being 
used in the shade. Where several bars went on the same pins 
and some of these were already fitted, the bar brought from the pile 
on the bank was frequently too short and could not be got on the 
pins until it had lain in the snn long enough to be heated to the 
same temperature as those already on. It is this fact that renders 
the support system of the BoUman and the distributive system of the 
Murphy so liable to derangement. In the flrat, the long tension rod 
of each system will have expanded to its full extent before the chord 
has fairly begun to move, or have contracted in like manner ; and in 
the second, the counter-ties will be loose some hours before the ex- 
pansion of the posts is sufficient to take up the slack. This difficulty 
can be partially obviated, in the Murphy Trass, by heavily loading 
the bridge and adjusting the counter-ties on a hot day, but in a long 
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spaa there ia danger in this case to the counter -tie, in winter, of the 
contraction straining it to an unsafe degree. In the similar and 
equal sided triauglea with changeable angles of the Fiuk, there is of 
course no difficulty of this kind whatever, while in the equiangular 
and equilateral systems of the Triangulai' the action of the supporting' 
system is almost as perfect, and the distributive system thoroughly 
protected. 

There ia yet another point to he considered, viz. adaptability to 
every length and character of span and proportion of trusa. In this 
the qiieation ia first between the Beam and Suspension trusses, and 
afterwards between the individuals of each class. The facility with 
which the undergrade Suspension trusaes can be narrowed, and their 
peculiar fitneas for short spans and shallow trusses, render their use 
very often advisable in cases where, if a Beam truss were adopted, an 
overgrade bridge would become necessary at a considerable increase 
in the cost of both bi-idge and masonry. An undergrade Fink of 60 
feet span, 6 feet depth of truss and 6 feet width between chords, ia by 
no means an uncommon structure,' but to build a Beam trusa of these 
proportions requirea such an increased number of panels and jointa 
that its cost ia greater than that of the other, while its action under 
a load is much inferior. Such a bridge aa the Fink, just described, 
requires very little masonry and can frequently be used in places 
where, otherwise, an overgrade bridge would become necessary, with 
of course, masonry piers at least 20 feet long, and a truss not less than 
IT feet high. Thia claae of truss, when the bridge is undergrade, is 
advisable in nearly all cases, as, notwithstanding the fact that in the 
foregoing estimates the cost of 2 1 feet of masonry has been added to 
the cost of this truss for sake of comparison, the difference in tire ne- 
cessary cross sections of the masonry will, in a majority of instances, 
more than make up for the added height, and frequently for the dif- 
ference in cost between the trusses. Under these circumstances, 
therefore, the Fink, as the best and cheapest of its class, is the prefer- 
able bridge to use, and where, as in the assumed case, the cost of the 
Fink wifcli its masonry is the same or nearly so with that of the Tri-. 
angular and its masonry, the former being as we have seen the supe- 
rior truss of the two, so far as perfection of principle and action are 
concerned, is clearly the bridge to be adopted. 

Where, however, an overgrade bridge has necessarily to be used, 
and the spans are less than 100 feet, other considerations present 
themselves. All beam trusaea possess this defect, viz. that in them 
the main lines of strain, either compressive or tensile, must turn an 
angle at some point between their two extremities : with the bridge 
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either fully loaded or without any load at all, the strains on either 
Bide of this angle are equal and the truss is in equipoise, but witli a 
partial load on the bridge this equilibrium is at once destroyed and 
the dynamic effort to straighten the angular lines of strain produces 
a tendency to change of shape in the truss which must be resisted by 
a thorough system of counter-ties or bracing. In short spans, where 
the weight of the truss is light in comparison with that of the train, 
this constant action and reaction of the strains is very injurious to the 
permanency and safety of the truss, so much so, in fact, as to j^ender 
this class of structure by no means an advisable one under these 
circumstances. As the comparative weight of the truss to that of the 
load increases with the span, and the proportional dynamic effect is, 
therefore less, and the bridge more stable, consequently in long spans 
this objection is no longer valid. For short span overgrade bridges, 
therefore, the Suspension trusses are clearly the preferable, as in tliem 
there are no angular lines of strain and consequently no tendency to 
change of shape whether tlie weight of the load be great or small in 
comparison with that of the truss. . For this style of bridge tlien, the 
contest lies between the Fink and the Bollman, and although in a 
long span the superiority of the former is manifest, yet in the present 
case the difference is not so apparent. The Bollman owes its great 
comparative first cost in a long span principally to its system of inde- 
pendent panel supports and want of a distributive system. In spans 
of from 60 to 100 feet, however, the small number of panels necessary, 
makes hut a limited distribution possible, and the consequence is*, that 
in these cases where the engine will cover from the half to the whole 
of the bridge the gain of the Fink over the Bollman is not great in 
this respect, while the Bollman possesses a decided advantage in the 
non-transmission of strains to the tops of its poets, thus rendering the 
amount of cast iron required less than in the case of its competitor. 
Its inferiority in the matter of compensation is not felt in these sliort 
spans, as the lengths of the parts are not sufficient to rentier their 
inequality of expansion at all serious as a disturbing element, and it 
has besides an additional advantage in the fact that no irreguiar 
number of panels can effect its gradations of cost per foot lineal, while 
in the Fink, when an odd number of panels becomes necessary, it is 
always attended with a certain loss in economy of material. To 
illustrate, — in a 45 feet span, overgrade, the Fink requires four 
panels and three posts, or else an unsymmetrical arrangement of two 
posts, which costs nearly as much as the three, while the Bollman 
will have but three panels and two posts, and will contain the least 
material of the two. At 60 feet span the Fink is again ahead but 
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is iiTcgnlar from 70 to 90 feet, at wliicli last point it tates tlie lead 
and gains steadily afterwards witli every increase of span. For 
short overgrade spans, therefore, the Fink and Bollman are ahimt 
equal in their respective advantages, and hoth are decidedly superior 
to the Beam trusses. 

From what has already heen said concerning the tendency of 
the latter trusses to change their shape with a partial load, it 
is manifest that if, in the case of overgrade bridges of consider- 
able span, the Suspension trusses are no greater in cost and equal 
in point of compensation and strength to the Beam trusses, tliey 
are still the best of the two classes of bridge. We find, how- 
ever, that between the Murphy and Bollman the former has the ad- 
vantage in botli these considerations; the latter then being ruled out 
the Fink and Murphy next come into competition. Here.the cost is 
nearly equal, with all the advantages of perfection of principle and 
economy of material and weight on the side of the Fink, Tliis nar- 
rows the contest down to the Fink and Triangular, each the best 
representative of its class. The Fink is superior in its principle, its 
adjustability, and its compensation. The Triangular, where the 
spans are over 100 feet, is nearly equal in respect to the first and last 
of these and is ahead in the considerations of first cost and economi&il 
distiibution of material. It is in this case then evidently the proper 
truss to be used. 

Taking, therefore, all the points above reviewed into consideration, 
the conciu.sions would seem to be these, viz. that for all spans where 
the weight of the train is great in proportion to the weigiit of the 
truss, the Su8|.ieusion trusses (tliere being in them no tendency to 
chaniie of shape) are the best, and of these two the Fink is almost in- 
variably preferable. This truss also ranks first for an undergrade 
bridge of any length of span, wiiile for all overgrade bridges of more 
than 100 feet span the Triangular is the best truss. In perfection of 
principle, of action under a load, of general adaptability, and of com- 
pensation for the disturbing influences of temperature, the Fink stands 
first; in point of economical distribution of material, of proportional 
strength to weight of truss, and in first cost, the Triangular has the 
lead; while in the matter of adjustability the Bollman is superior to 
its competitors and is equal to the Fink under certain circumstances 
as a short span overgrade bridge. 

Such then are the relative positions of the Fink, Triangular, Mur- 
phy and Bollman trusses ; ail good bridges ; ail when properly pro- 
portioned and faithfully constructed, equal to any of the reqinrementa 
of a railroad bridge, but having, as has been shown, various degrees 
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of excellence. It is needless to say, that equally good material and 
workmanship is assumed in all cases, and that the best form of truss 
hadly constructed may hreak down sooner than the worst, if the last 
is well huilt. 

Before concluding, the writer would remark, that among American 
bridges there are, in addition to the trusses above reviewed, several 
other Beam trusses which are well worthy of attention. Of those, the 
bridges of Messrs. "Whipple, Laurie, Post and Linville, have been 
especially successful, the last named gentleman, particularly, having 
constructed some large bridges which are not only a credit to himself 
but an honor to his country. 

A synopsis of the results of these investigations is appended, and 
in closing this paper the writer would say that while he expects 
that his views may be disputed by professional men, on theoretical 
grounds, and will probably be assailed by others whose interest in 
the subject is of a less abstract character, he trusts that any discussion 
which may ensue may be conducted in a manner and spirit that may 
lead to results of general utility. 

His object is to promote bridge building on the best plan, and if he 
has not as yet discovered that, be desires to be directed into the path 
which will lead to it, that he may obtain a share of the work which 
is to be done ia the wide field which is now open in this important 
department of construction. 
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The writer of the foregoing is gratified to be able to add the/ollowiiig 
brief revieto by Benj . H. IiATROBE, Civil Engineer. 



BALTiMOitE, Nov'r 29iA, 18<)5. 

The memoir Ijy Mr. 0. Bhaler Smith, upon the comparative mei-it 
of diffei'ent forma oi' bridge truss, has been submitted to me by 
that gentleman for my professional opinion, and after an attentive 
examination oi' his paper I am prepared to say that I consider the 
principles upon which he has conducted his investigations to be 
scientifically accurate, and his conclusions correct. -The declared 
purpose of hia publication being, as he states, to exhibit in a practical 
way the several advantages and defects of the four patterns of truss 
now principally competing for public favor, his object is undoubt- 
edly a useftil one and he has employed the proper means to accom- 
plish it. He does not make hinoself the champion of any one model 
but fairly sets forth the properties of each, inviting criticism from 
those whose views may differ from his own. He does not disparage 
any one of those treated of, but temperately points out what he re- 
gards ae its deficiencies, admitting that bridges can be made, strong 
and safe, even upon the plan he considers most open to objection, and 
bringing their respective claims to adoption to the test of economy in 
construction and maintenance. This ig, unquestionably, the true 
mode of comparing them, and the only real standard of excellence — 
the question being this — given the strength, stiffness, safety and 
durability required, by what form of truss can this be attained, in 
an assumed case, at the least cost f Treating the subject as he has in 
this manner, I must agree in his conclusions, and hope that his trea- 
tise may be the means of leading to beneficial results in railway econ- 
omy. That bridges have been built, are being built and will here- 
after be built, of all the forms treated of and many others, and that 
they have stood well and ivill stand well hereafter is surely true— but 
the question still remains open ; whether they could not have been 
made or can be made to stand, equaU.y welly with a less investment of 
capital, and consequently better dividends to railway companies, or 
cheaper transportation to the public. 

I express the preceding opinions without bias froio pecunJaiy in- 
terest in any existing form of bridge. 

BENJ. H. LATROBE, 

Considiing Engineer. 
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I. R HAZLEHURST & GO. 

FEDERAL HILL, BALTIMORE, MD. 

OF ALL KINDS, INCl'-UDINd 

MARINE AND STATIONARY ENGINES, 

Wronght and Cast Icon Work for "Fink," "Howe," "Triangiilnr" and other BridgeB. 
faitbfnllj' esccQted and fnrnished on favorable terms. 



C. H, LATBOBB, 






BENJAMIN H. LATROBE, 

OONKTJLTINO lilNQINKER, 

7 Law Buildings, Baltimore, or Charlotte, N. 0. 
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